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CLAIMS 

What is claimed is: 

1 . In a system for producing dynamically generated content in 
response to user content requests that generate database queries, a method for 
invalidating dynamically generated content stored in caches of network devices, 
comprising: 

receiving updates to a database of the system; 
u periodically performing processing on a set of received queries to identify 

]J queries for which corresponding dynamically generated content will be 
Qi invalidated as a result of said updates; and 

fi sending invalidation messages to devices storing said corresponding 

2 content of said identified queries, 

w 

JL wherein said processing is performed using a delayed version of said 

fll database that reflects the state of the database at the beginning of a preceding 

m processing cycle, and an update log that reflects all updates since the beginning 

f! of the preceding processing cycle. 

2. The method claimed in claim 1, wherein said processing comprises: 
determining whether respective results sets for subsets of said set of 

queries are empty or non-empty for tuples added to and deleted from said 
database between the beginning of a preceding processing cycle and the 
beginning of the current processing cycle; and 

for each non-empty results set, designating the queries of the 
corresponding subset as ones of said identified queries. 

3. The method claimed in claim 2, further comprising, if a results set 
for a given query Q is non-empty, designating as identified queries one or more 
additional queries that are dependent from said query Q in a positive query 
lattice. 
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4. The method claimed in claim 2, further comprising, if a results set 
for a given query Q is non-empty, skipping processing of one or more additional 
queries that are dependent from said query Q in a negative query lattice. 



5. The method claimed in claim 1, wherein a subset of said queries 
comprises queries represented by a common query type, and 
wherein processing of said subset comprises: 

issuing polling queries to a query instance table of said query type for 
each of said updates; and 

designating query instances identified through said polling queries as said 
identified queries. 



m. 6 - The method claimed in claim 1 , wherein a subset of said queries 

g comprises queries represented by a common query type, and 
L, wherein processing of said subset comprises: 

jjj issuing polling queries to a query instance table of said query type, and to 

gj update tables constructed from said update log and corresponding to relations 
JJ utilized by queries of said query type, for each of said updates; and 

designating query instances identified through said polling queries as said 
identified queries. 



7. The method claimed in claim 1, wherein a subset of said queries 
comprises queries represented by a common query type and including a join 
operation, and 

wherein processing of said subset comprises: 

issuing polling queries to a query instance table of said query type, and to 
update tables constructed from said update log and corresponding to relations 
utilized by queries of said query type, and to relations of said database utilized 
by queries of said query type for which there have been no updates since the 
preceding invalidation cycle, for each of said updates; and 

designating query instances identified through said polling queries as said 
identified queries. 
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8. In a system for producing dynamically generated content in 
response to user content requests that generate database queries, a method for 
invalidating dynamically generated content stored in caches of network devices, 
comprising: 

receiving updates to a database of the system; 

periodically performing processing on a set of received queries to identify 
queries for which corresponding dynamically generated content will be 
invalidated as a result of said updates; and 

sending invalidation messages to devices storing said corresponding 
content of said identified queries, 

D wherein said processing comprises, for a given query Q, 

O 

m determining whether a results set is empty or non-empty, the 

results set consisting of the results: 

W [(R + iN R new , 2 M ... IX Rnew , n) u ... u (Rnew1 N ... M R+j M ... M RneWin) u ... 

U (Rnew,1 N ... N R new ,n-1 N R + n)] U 

[(R tN R old , 2 M ... EX R old , n ) u ... u (Ro|d1 N ... N Rj N ... N R old , n ) u ... 
fy U (Roid.1 N ... N Roiri.n-! N R n )l 

g where each Rn is a relation involved in the query Q, each Roid,n is a state of 

y the relation R n as of the beginning of a preceding processing cycle, each 

Rnew.nis a state of the relation Rn as of the beginning of the current 
processing cycle, each R n is a subset of tuples deleted from the relation 
Rn since the beginning of a preceding processing cycle, and each R + n is a 
subset of tuples added to the relation Rn since the beginning of a 
preceding processing cycle, and 

if said results set is non-empty, designating said query Q as one of 
said identified queries. 

9. A system for producing dynamically generated content in response 
to user content requests that generate database queries, comprising: 

a database management system; 

a web server for receiving user requests for dynamically generated 
content and for providing said dynamically generated content; and 
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an application server coupled between the database management system 
and the web server for generating database polling queries corresponding to said 
requests and for supplying resulting data from the database to said web server, 

the system performing an invalidation method to invalidate dynamically 
generated content generated by said system and stored in caches of network 
devices, said method comprising: 

receiving updates to the database management system; 

periodically performing processing on a set of received queries to identify 
queries for which corresponding dynamically generated content will be 
Jf invalidated as a result of said updates; and 

sending invalidation messages to devices storing said corresponding 
J content of said identified queries, 

7 d wherein said processing is performed using a delayed version of said 

O database that reflects the state of the database at the beginning of a preceding 
O processing cycle, and an update log that reflects all updates since the beginning 
jpy of the preceding processing cycle. 

Q 

|y 10 - The system claimed in claim 9, wherein said processing comprises: 

determining whether respective results sets for subsets of said set of 

queries are empty or non-empty for tuples added to and deleted from said 

database between the beginning of a preceding processing cycle and the 

beginning of the current processing cycle; and 

for each non-empty results set, designating the queries of the 

corresponding subset as ones of said identified queries. 

1 1 . The system claimed in claim 10, said processing further 
comprising, if a results set for a given query Q is non-empty, designating as 
identified queries one or more additional queries that are dependent from said 
query Q in a positive query lattice. 

12. The system claimed in claim 10, said processing further 
comprising, if a results set for a given query Q is non-empty, skipping 
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processing of one or more additional queries that are dependent from said query 
Q in a negative query lattice. 

1 3. The system claimed in claim 9, wherein a subset of said queries 
comprises queries represented by a common query type, and 
wherein processing of said subset comprises: 

issuing polling queries to a query instance table of said query type for 
each of said updates; and 

designating query instances identified through said polling queries as said 
identified queries. 

JJ 14. The system claimed in claim 9, wherein a subset of said queries 

£ comprises queries represented by a common query type, and 

yj wherein processing of said subset comprises: 

D 

, issuing polling queries to a query instance table of said query type, and to 

update tables constructed from said update log and corresponding to relations 

fU utilized by queries of said query type, for each of said updates; and 
h designating query instances identified through said polling queries as said 

iy identified queries. 



15. The system claimed in claim 9, wherein a subset of said queries 
comprises queries represented by a common query type and including a join 
operation, and 

wherein processing of said subset comprises: 

issuing polling queries to a query instance table of said query type, and to 
update tables constructed from said update log and corresponding to relations 
utilized by queries of said query type, and to relations of said database utilized 
by queries of said query type for which there have been no updates since the 
preceding invalidation cycle, for each of said updates; and 

designating query instances identified through said polling queries as said 
identified queries. 
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16. A system for producing dynamically generated content in response 
to user content requests that generate database queries, comprising: 
a database management system; 

a web server for receiving user requests for dynamically generated 
content and for providing said dynamically generated content; and 

an application server coupled between the database management system 
and the web server for generating database polling queries corresponding to said 
requests and for supplying resulting data from the database to said web server, 
the system performing an invalidation method to invalidate dynamically 
H= generated content generated by said system and stored in caches of network 
o devices, said method comprising: 

J receiving updates to the database management system; 

periodically performing processing on a set of received queries to identify 
O queries for which corresponding dynamically generated content will be 
p invalidated as a result of said updates; and 

sending invalidation messages to devices storing said corresponding 
content of said identified queries, 
fU wherein said processing comprises, for a given query Q, 

determining whether a results set is empty or non-empty, the 
results set consisting of the results: 
[(R + iN R new , 2 N ... N R new>n ) u ... u (R neW(1 N ... N R+j M ... N R new<n ) u ... 

U (Rnew,1 N ... N R ne w,n-1 N R + n )] U 

[(FTiM Roid.2 N ... M R old , n ) u ... u (Roi d ,i M ... N Rj N ... M Roid.n) u ... 
U (Roidj N ... N Roid,^ N R n )] 

where each R n is a relation involved in the query Q, each Roid,n is a state of 

the relation R n as of the beginning of a preceding processing cycle, each 

Rnew.nis a state of the relation Rn as of the beginning of the current 

processing cycle, each R" n is a subset of tuples deleted from the relation 

Rn since the beginning of a preceding processing cycle, and each R + n is a 

subset of tuples added to the relation Rn since the beginning of a 

preceding processing cycle, and 

if said results set is non-empty, designating said query Q as one of said 
identified queries. 
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17. In a system for producing dynamically generated content in 
response to user content requests that generate database queries, a method for 
invalidating dynamically generated content stored in caches of network devices, 
comprising: 

receiving updates to a database of the system; 

periodically performing processing on a set of received queries to identify 
queries for which corresponding dynamically generated content will be 
invalidated as a result of said updates; and 

u sending invalidation messages to devices storing said corresponding 

O content of said identified queries, 

69 wherein said processing is performed using said database, which is 

m prevented from being updated during said processing so as to reflect the state 
gj of the database at the beginning of said processing, and an update log that 
^ reflects all updates to the database since the beginning of the preceding 
processing cycle. 

5 

H 18. The method claimed in claim 17, wherein said processing 

comprises: 

determining whether respective results sets for subsets of said set of 
queries are empty or non-empty for tuples added to and deleted from said 
database between the beginning of a preceding processing cycle and the 
beginning of the current processing cycle, using said locked database and said 
update log of said database; and 

for each non-empty results set, designating the queries of the 
corresponding subset as ones of said identified queries. 

19. The method claimed in claim 18, further comprising, if a results set 
for a given query Q is non-empty, designating as identified queries one or more 
additional queries that are dependent from said query Q in a positive query 
lattice. 
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20. The method claimed in claim 1 8, further comprising, if a results set 
for a given query Q is non-empty, skipping processing of one or more additional 
queries that are dependent from said query Q in a negative query lattice. 

21 . The method claimed in claim 17, wherein a subset of said queries 
comprises queries represented by a common query type, and 

wherein processing of said subset comprises: 

issuing polling queries to a query instance table of said query type for 
each of said updates; and 

designating query instances identified through said polling queries as said 

q identified queries. 

D 

+ 22. The method claimed in claim 17, wherein a subset of said queries 

y -- 

U comprises queries represented by a common query type, and 
J" wherein processing of said subset comprises: 

Si issuing polling queries to a query instance table of said query type, and to 

W update tables constructed from said update log and corresponding to relations 
Q utilized by queries of said query type, for each of said updates; and 

designating query instances identified through said polling queries as said 
identified queries. 

23. The method claimed in claim 17, wherein a subset of said queries 
comprises queries represented by a common query type and including a join 
operation, and 

wherein processing of said subset comprises: 

issuing polling queries to a query instance table of said query type, and to 
update tables constructed from said update log and corresponding to relations 
utilized by queries of said query type, and to relations of said database utilized 
by queries of said query type for which there have been no updates since the 
preceding invalidation cycle, for each of said updates; and 

designating query instances identified through said polling queries as said 
identified queries. 
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24. In a system for producing dynamically generated content in 
response to user content requests that generate database queries, a method for 
invalidating dynamically generated content stored in caches of network devices, 
comprising: 

receiving updates to a database of the system; 

periodically performing processing on a set of received queries to identify 
queries for which corresponding dynamically generated content will be 
invalidated as a result of said updates; and 

sending invalidation messages to devices storing said corresponding 
content of said identified queries, 

wherein said processing comprises, for a given query Q, 

determining whether a results set is empty or non-empty, the 

results set consisting of the results: 

[(R + lX R new , 2 N ... M Rnew.n) U ... U (Rnew.1 X ... X R+j N ... N R new ,n) U ... 
U (Rnew.l X ... X Rnew.no N R + n )] U 

[(R"lN (Rnew,2 U R"2) X ... X (Rnew.1 U Ri)) U ... U ((Rnew.1 U R'l) X ... X R"i X 
... N (R new , n U Rn)) U ... U ((Rnew.1 U R'l) ^ ... N(R new . n . 1 U R"n-l) X R"n) 
U (Rold.1 X ... IX R 0 | d ,n.1 X R" n )] 

where each Rn is a relation involved in the query Q, each Roid.n is a state of 
the relation Rn as of the beginning of a preceding processing cycle, each 
Rnew.nis a state of the relation Rn as of the beginning of the current 
processing cycle, each R" n is a subset of tuples deleted from the relation 
Rn since the beginning of a preceding processing cycle, and each R + n is a 
subset of tuples added to the relation Rn since the beginning of a 
preceding processing cycle, and 

if said results set is non-empty, designating the query Q as one of 
said identified queries. 

25. The method claimed in claim 24, wherein said processing further 
comprises adjusting said results set to account for the over-invalidation term: 

X", (Ri u R + 0 - (X n i Ri u X"i FT,) 
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26. A system for producing dynamically generated content in response 
to user content requests that generate database queries, comprising: 

a database management system; 

a web server for receiving user requests for dynamically generated 
content and for providing said dynamically generated content; and 

an application server coupled between the database management system 
and the web server for generating database polling queries corresponding to said 
requests and for supplying resulting data from the database to said web server, 

the system performing an invalidation method to invalidate dynamically 
generated content generated by said system and stored in caches of network 
devices, said method comprising: 

receiving updates to the database management system; 

periodically performing processing on a set of received queries to identify 
queries for which corresponding dynamically generated content will be 
invalidated as a result of said updates; and 

sending invalidation messages to devices storing said corresponding 
content of said identified queries, 

wherein said processing is performed using said database, which is 
prevented from being updated during said processing so as to reflect the state 
of the database at the beginning of said processing, and an update log that 
reflects all updates to the database since the beginning of the preceding 
processing cycle. 

27. The system claimed in claim 26, wherein said processing 
comprises: 

determining whether respective results sets for subsets of said set of 
queries are empty or non-empty for tuples added to and deleted from said 
database between the beginning of a preceding processing cycle and the 
beginning of the current processing cycle, using said locked database and said 
update log of said database; and 

for each non-empty results set, designating the queries of the 
corresponding subset as ones of said identified queries. 
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28. The system claimed in claim 27, said processing further 
comprising, if a results set for a given query Q is non-empty, designating as 
identified queries one or more additional queries that are dependent from said 
query Q in a positive query lattice. 

29. The system claimed in claim 27, said processing further 
comprising, if a results set for a given query Q is non-empty, skipping 
processing of one or more additional queries that are dependent from said query 
Q in a negative query lattice. 

30. The system claimed in claim 26, wherein a subset of said queries 
comprises queries represented by a common query type, and 

wherein processing of said subset comprises: 

issuing polling queries to a query instance table of said query type for 
each of said updates; and 

designating query instances identified through said polling queries as said 
identified queries. 

31 . The system claimed in claim 26, wherein a subset of said queries 
comprises queries represented by a common query type, and 

wherein processing of said subset comprises: 

issuing polling queries to a query instance table of said query type, and to 
update tables constructed from said update log and corresponding to relations 
utilized by queries of said query type, for each of said updates; and 

designating query instances identified through said polling queries as said 
identified queries. 

32. The system claimed in claim 26, wherein a subset of said queries 
comprises queries represented by a common query type and including a join 
operation, and 

wherein processing of said subset comprises: 
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issuing polling queries to a query instance table of said query type, and to 
update tables constructed from said update log and corresponding to relations 
utilized by queries of said query type, and to relations of said database utilized 
by queries of said query type for which there have been no updates since the 
preceding invalidation cycle, for each of said updates; and 

designating query instances identified through said polling queries as said 
identified queries. 

33. A system for producing dynamically generated content in response 
to user content requests that generate database queries, comprising: 
a database management system; 

a web server for receiving user requests for dynamically generated 
content and for providing said dynamically generated content; and 

an application server coupled between the database management system 
and the web server for generating database polling queries corresponding to said 
requests and for supplying resulting data from the database to said web server, 

the system performing an invalidation method to invalidate dynamically 
generated content generated by said system and stored in caches of network 
devices, said method comprising: 

receiving updates to the database management system; 

periodically performing processing on a set of received queries to identify 
queries for which corresponding dynamically generated content will be 
invalidated as a result of said updates; and 

sending invalidation messages to devices storing said corresponding 
content of said identified queries, 

wherein said processing comprises, for a given query Q, 

determining whether a results set is empty or non-empty, the 

results set consisting of the results: 

[(R + lM R new , 2 M ... M R new ,n) U ... U (Rnew.l * ... N R + j t* ... N R new , n ) ... 

U (Rnew.1 N ... X Rnew.n-1 M R + n)] U 
[(R"lN (R new , 2 U R-2) * ... X (Rnew.1 U R 1» U ... U ((Rnew.l U R'l) N ... N Rj M 
... M (Rnew,n U R"n)) ... U ((Rnew.1 U Rl) N ... M (Rnew.n-1 U Rn-l) M R n) 

VJ (Rold.1 M ... M R old , n -1 N R n )] 
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5 



where each Rn is a relation involved in the query Q, each Roid,n is a state of 
the relation Rn as of the beginning of a preceding processing cycle, each 
Rnew,nis a state of the relation Rn as of the beginning of the current 
processing cycle, each Rn is a subset of tuples deleted from the relation 
Rn since the beginning of a preceding processing cycle, and each R + n is a 
subset of tuples added to the relation Rn since the beginning of a 
preceding processing cycle, and 

if said results set is non-empty, designating the query Q as one of 
said identified queries. 

34. The system claimed in claim 33, wherein said processing further 
comprises adjusting said results set to account for the over-invalidation term: 

tX n i (m u R + i) - (IX n i Ri u t* n . R + i) 
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35. In a system for producing dynamically generated content in 
response to user content requests that generate database queries, a method for 
invalidating dynamically generated content stored in caches of network devices, 
comprising: 

receiving updates to a database of the system; 

periodically performing processing on a set of received queries to identify 
queries for which corresponding dynamically generated content will be 
invalidated as a result of said updates; and 

sending invalidation messages to devices storing said corresponding 
content of said identified queries, 
o wherein said processing is performed using said database, which is freely 

is updated during said processing, and a portion of an update log of said database 
± that reflects updates to the database made prior to the beginning of said 
Ly processing. 

T 36. The method claimed in claim 35, wherein said processing 

* y comprises: 

m 

O determining whether respective results sets for subsets of said set of 

5 ~ queries are empty or non-empty for tuples added to and deleted from said 

database since the beginning of a preceding processing cycle, using said freely 
updated database and said locked update log of said database; and 

for each non-empty results set, designating the queries of the 
corresponding subset as ones of said identified queries. 

37. The method claimed in claim 36, further comprising, if a results set 
for a given query Q is non-empty, designating as identified queries one or more 
additional queries that are dependent from said query Q in a positive query 
lattice. 

38. The method claimed in claim 36, further comprising, if a results set 
for a given query Q is non-empty, skipping processing of one or more additional 
queries that are dependent from said query Q in a negative query lattice. 
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39. The method claimed in claim 35, wherein a subset of said queries 
comprises queries represented by a common query type, and 

wherein processing of said subset comprises: 

issuing polling queries to a query instance table of said query type for 
each of said updates; and 

designating query instances identified through said polling queries as said 
identified queries. 

40. The method claimed in claim 35, wherein a subset of said queries 

b 

Ft comprises queries represented by a common query type, and 
•=if wherein processing of said subset comprises: 

CP issuing polling queries to a query instance table of said query type, and to 

O update tables constructed from said update log and corresponding to relations 
~m utilized by queries of said query type, for each of said .updates; and 
IH designating query instances identified through said polling queries as said 

CP identified queries. 

41 . The method claimed in claim 35, wherein a subset of said queries 
comprises queries represented by a common query type and including a join 
operation, and 

wherein processing of said subset comprises: 

issuing polling queries to a query instance table of said query type, and to 
update tables constructed from said update log and corresponding to relations 
utilized by queries of said query type, and to relations of said database utilized 
by queries of said query type for which there have been no updates since the 
preceding invalidation cycle, for each of said updates; and 

designating query instances identified through said polling queries as said 
identified queries. 

42. The method claimed in claim 35, wherein said processing further 
comprises correcting an under-invalidation of a preceding processing cycle. 
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43. In a system for producing dynamically generated content in 
response to user content requests that generate database queries, a method for 
invalidating dynamically generated content stored in caches of network devices, 
comprising: 

receiving updates to a database of the system; 

periodically performing processing on a set of received queries to identify 
queries for which corresponding dynamically generated content will be 
invalidated as a result of said updates; and 

q sending invalidation messages to devices storing said corresponding 

Jjj content of said identified queries, 

Jf wherein said processing comprises, for a given query Q, 

f ft 

y determining whether a results set is empty or non-empty, the 

7 s results set consisting of the results: 

fn (R + 1 X (R'2 U R + 2)N ... N (R' n R + n )) U... 

fj U ((R'1 U R + 1)^ ... NR + j X ... [XI (R'n u R + n )) U... 

CJ U ((R'l U R + 1) * ... * (R'n-1 U RVl) N R + n ) u 

H (R'l N (R'2 U R"2) N... N (R' n U Rn)) U ... 

' y u ((R'i u R'i)X ... MR, N ... N (R' n u Rn )} u ... 

u ((R'i u R"i)N ... N (RVi v Rn-i) X Rn) 

where each Rn is a relation involved in the query Q, each R'n is a state of 
the relation Rn as of the time of processing of the query Q, each R'n is a 
subset of tuples deleted from the relation Rn since the beginning of a 
preceding processing cycle, and each R + n is a subset of tuples added to 
the relation R n since the beginning of a preceding processing cycle, and 

if said results set is non-empty, designating the query Q as one of 
said identified queries. 

44. A system for producing dynamically generated content in response 
to user content requests that generate database queries, comprising: 

a database management system; 

a web server for receiving user requests for dynamically generated 
content and for providing said dynamically generated content; and 
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an application server coupled between the database management system 
and the web server for generating database polling queries corresponding to said 
requests and for supplying resulting data from the database to said web server, 

the system performing an invalidation method to invalidate dynamically 
generated content generated by said system and stored in caches of network 
devices, said method comprising: 

receiving updates to the database management system; 

periodically performing processing on a set of received queries to identify 
queries for which corresponding dynamically generated content will be 
invalidated as a result of said updates; and 

sending invalidation messages to devices storing said corresponding 
content of said identified queries, 

wherein said processing is performed using said database, which is freely 
updated during said processing, and a portion of an update log of said database 
that reflects updates to the database made prior to the beginning of said 
processing. 

45. The system claimed in claim 44, wherein said processing 
comprises: 

determining whether respective results sets for subsets of said set of 
queries are empty or non-empty for tuples added to and deleted from said 
database since the beginning of a preceding processing cycle, using said freely 
updated database and said locked update log of said database; and 

for each non-empty results set, designating the queries of the 
corresponding subset as ones of said identified queries. 

46. The system claimed in claim 45, further comprising, if a results set 
for a given query Q is non-empty, designating as identified queries one or more 
additional queries that are dependent from said query Q in a positive query 
lattice. 
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47. The system claimed in claim 45, further comprising, if a results set 
for a given query Q is non-empty, skipping processing of one or more additional 
queries that are dependent from said query Q in a negative query lattice. 

48. The system claimed in claim 44, wherein a subset of said queries 
comprises queries represented by a common query type, and 

wherein processing of said subset comprises: 

issuing polling queries to a query instance table of said query type for 
each of said updates; and 

designating query instances identified through said polling queries as said 
identified queries. 

49. The system claimed in claim 44, wherein a subset of said queries 
comprises queries represented by a common query type, and 

wherein processing of said subset comprises: 

issuing polling queries to a query instance table of said query type, and to 
update tables constructed from said update log and corresponding to relations 
utilized by queries of said query type, for each of said updates; and 

designating query instances identified through said polling queries as said 
identified queries. 

50. The system claimed in claim 44, wherein a subset of said queries 
comprises queries represented by a common query type and including a join 
operation, and 

wherein processing of said subset comprises: 

issuing polling queries to a query instance table of said query type, and to 
update tables constructed from said update log and corresponding to relations 
utilized by queries of said query type, and to relations of said database utilized 
by queries of said query type for which there have been no updates since the 
preceding invalidation cycle, for each of said updates; and 

designating query instances identified through said polling queries as said 
identified queries. 
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51 . The system claimed in claim 44, wherein said processing further 
comprises correcting an under-invalidation of a preceding processing cycle. 

52. A system for producing dynamically generated content in response 
to user content requests that generate database queries, comprising: 

a database management system; 

a web server for receiving user requests for dynamically generated 
content and for providing said dynamically generated content; and 

an application server coupled between the database management system 

M° 

O and the web server for generating database polling queries corresponding to said 

D 

fg requests and for supplying resulting data from the database to said web server, 

the system performing an invalidation method to invalidate dynamically 
W generated content generated by said system and stored in caches of network 
devices, said method comprising: 

D 

ry receiving updates to the database management system; 

? periodically performing processing on a set of received queries to identify 

5 queries for which corresponding dynamically generated content will be 

ru 

invalidated as a result of said updates; and 

sending invalidation messages to devices storing said corresponding 
content of said identified queries, 

wherein said processing comprises, for a given query Q, 

determining whether a results set is empty or non-empty, the 

results set consisting of the results: 

(R + 1 X (R' 2 u R + 2 )X ... tX (R' n u R + n)) u... 

u «R'i u R + i)X ... XR + , X ... N (R'n u R + n )) u... 

U «R'1 U R + 1) X ... X (R'n-1 U R + n-l) X R + n) u 
(R-i X (R'2 U R"2) N... txi (R' n u Rn)) u ... 

U ((R'i u R'i)N ... XRj N ... N (R' n u R"n )) u ... 

U «R'l U R"1)X ... N (R'n-1 U R-n-l) X Rn) 

where each Rn is a relation involved in the query Q, each R'n is a state of 
the relation Rn as of the time of processing of the query Q, each R'n is a 
subset of tuples deleted from the relation Rn since the beginning of a 
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preceding processing cycle, and each R + n is a subset of tuples added to 
the relation Rn since the beginning of a preceding processing cycle, and 

if said results set is non-empty, designating the query Q as one of 
said identified queries. 
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